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ABSTRACT

The objective of this study is to assess the possibility of
differences in the production technol ogi es between | arge and
smal | establishnments in five selected 4-digit SIC manufacturing
industries. W particularly focus on estimating returns to scale
and then make interferences regarding the efficiency of smal
busi nesses relative to | arge busi nesses. Using cross-section
data for two census years, 1977 and 1982, we estinmate a
transcendental logarithmc (translog) production nodel that
provi des direct estinmates of econom es of scale paraneters for
both small and | arge establishnents.

Qur primary findings are that (i) there are significant

di fferences in the production technol ogi es between snmall and

| arge establishnents; and (ii) based on the scal e paraneter
estimates, small establishnents appear to be as efficient as

| arge establishments under normal econom c conditions, suggesting
that large size is not a necessary condition for efficient
production. However, small establishnments seemto be unable to
mai ntain constant returns to scal e production during economc
recessi on such as that in 1982.
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. ]| NTRODUCTI ON

The objective of this study is to assess the possibility of differences in
t he production technol ogi es between small and | arge establishments in the U 'S
manuf acturing sector. W particularly focus on estimating returns to scale and
t hen make inferences regarding the efficiency of small businesses relative to
| ar ge busi nesses.

We undertake this research for two reasons. First, standard industria
organi zation theory suggests that industrial |ong-run average cost curves are U
shaped or L-shaped. That is, over a certain range of output, small production
units can expand their sizes to produce at declining average costs (increasing
returns to scale). At a certain size, average costs flatten out (constant
returns to scale). Beyond that size, average costs will increase at an
increasing rate (decreasing returns to scale) as the production units continue
to expand. Accordingly, this theory suggests that small production units can
only exhaust econom es of scale by expanding their sizes to sone optimal |evel.
This inplies that small businesses are subject to inefficiency and eventual ly
will fail, if they do not expand.

Yet, a grow ng body of evidence indicates that small businesses play a
significant role in the U S. econony, and that a | arge portion of economnic
growt h and change comes fromthem For exanple, Brock and Evans (1986) found
that "Most of the 16.8 million businesses that filed tax returns in 1980 are
smal | busi nesses by any standard. Eighty percent of 12.7 million are sole
proprietorships, 60 percent of 1.4 million are partnerships, and 90 percent of
the 2.7 nmillion corporations filing in that year had annual business receipts of
under $50, 000" (p. 8). They also found that, in many industries, firnms that had
hi ghest profits per dollars of sales in 1978 are those with 20-99 enpl oyees (see
Brock and Evans, Table 2.1, p. 10). Brock and Evans' study appears to suggest
that "large is not necessarily better."?*

The 1987 Econom c Report of the President cited recent research and

concluded that "small is not necessarily inefficient and that small firns make
contributions to overall efficiency" (p. 107). To explain the efficiency of
small firns, the Report cited the follow ng factor, anmong others:

Because of their size, small firns are |ess IikeIK to encounter

probl ems that can arise from conplicated multi-echel on nanagenent
structures which are nore common in large firms. These organization
structures tend to increase the cost of transferring information within
the firmand generally result in less flexible business decision making



process.

This nmeans that, at least in some ways, small firms could be nore efficient than
larger firns -- they do not necessarily suffer from di seconom es of scale.
Technically, this is equivalent to saying that efficient firmsizes may be
small. This proposition, if true, has an inportant policy inplication

policies to pronote and support small busi nesses m ght be carried out without
sacrificing efficiency, at least in terns of economies of scale.

This paper is an attenpt to provide a direct test for the above hypothesis.
To do so, we develop a transcendental logarithmc (translog) production nodel to
estimte and conpare returns to scale for both small and | arge production units.
An advantage of the translog nodel is that it provides direct estimtes of the
scal e paranmeter without inposing other unnecessary restrictions on the
production technol ogy such as |inear honpgeneity and constant elasticities of
substitution.

The second reason for undertaking this study is that nost previous
enmpirical studies of econom es of scale have often been based on published
aggregate data. Such data may not reflect the activities of production units,
and results based on these data are likely to be subject to aggregation bias.

In this paper, we apply microdata at the plant |level to our production analysis.
These confidential data are extracted fromthe Census Bureau' s Longitudina
Research Dat abase (LRD), which is considered one of the nost conprehensive

m crodata base available for the study of production. |In particular, it
contains data for establishnments that are both "snmall" and "l arge" by any
definition.

In this study, we choose to exanmine only five 4-digit SIC industries and
use cross-section data for two census years, 1977 and 1982. CQur experinments
with the data led us to select the following five four-digit industry groups:?
(1) SIC 2335: Wnen's, Msses' and Juniors' Dresses; (2) SIC 2511: Wbod
Househol d Furniture, Except Upholstered; (3) SIC 2711: Newspapers; (4) SIC
3573: Electronic Conputing Equipnent; (5) SIC 3662: Radio and Tel evision
Transmitting, Signaling, and Detection Equi pment. W select these data and
i ndustries mainly because we want to naxim ze the number of establishnents
(including both small and | arge) so that robust nodel estinates can be obtained.
We view the study as a pilot because it does not fully utilize the LRD, which

contai ns annual panel data beginning in 1972. Wile the nunber of industries
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being studied is limted, and the data enployed are far from perfect, use of
these m crodata can elimnmnate aggregation bias to allow generation of sone
meani ngful results and, nore inportant, provide good direction for future
research.

Qur primary findings are that (i) there are significant differences in the
production technol ogy between snall and | arge establishnents; and (ii) based on
the scal e paraneter estimates, small establishnents appear to be as efficient as
| arge establishnents under nornmal econom c conditions. These findings suggest
that, for the five industries under exami nation, large size is not a necessary
condition for efficient production. However, snmall establishments seemto be
unable to maintain constant returns to scal e production during econom c
recessi ons such as that in 1982

The remai nder of the paper is organized as follows: Section Il presents
t he nodel specification. Section IIl briefly discusses the data and estimation
procedures. The enpirical results, including the estimted production functions
and scal e econonies are discussed in section |IV. Section V gives a summary,
concl usions, and statements of future research needs. Finally, the Appendix

provides a detailed discussion of the data.

1. MODEL SPECI FI CATI ON

We assune that there exists a production function that rel ates output and
i nputs such that

Q= F(X 2, (1)
where Q represents output; X is a vector of inputs, and Z is a vector of other
rel evant expl anatory vari abl es.

If Qis honpbgeneous of degree 8, then

F(X,2)r® = F(rX 2), (2)
where 8 is a constant and r is any positive real nunber. Assum ng cost
m ni m zation and using the generalized Euler's theorem we derive the follow ng
cost share equation system?®

k
o X 1 .
S; = PX, iE:lPiXi - FyX,/\F - x, }\—;2 - Slomganx)  i-1,2,...k (3)

where p, is the price of input i and F, = MF/ NX.
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For estimation, we need a specific functional formfor F. Traditionally,
appl i ed production analysis has often been based on t he Cobb-Dougl as and
Constant Elasticity of Substitution (CES) production functions.* However, it is
general |y recogni zed that these functional forms are highly restrictive; and
therefore, when possible, a nore flexible functional formshould be preferred.?®

During the | ast two decades, econonists have devel oped and used severa
flexible functional fornms. Such new functional forns include the transcendenta
logarithmic (translog) form?® the extended generalized Cobb-Douglas form?’ and
the symmetric generalized McFadden form?® O these functional forms, the
translog function is the nbst widely used in current enpirical studies,
especially in production, cost, and factor demand anal yses. For one thing, the
translog function is the sinplest flexible functional formand has the snall est
nunber of paranmeters to be estimated. Therefore, it is easier to estimte than
other flexible forns.® Yet, like other flexible functional forms, it does not
i mpose any a priori restrictions on the degree of substitution anmong the factors
of production. Further, the translog function contains traditional functions as
special cases. That is, when certain paraneters are constrained, the translog
function is reduced to the CES or the Cobb-Douglas function. Thus, a nested
test can be devel oped for testing the validity of the Cobb-Douglas and CES
functions and ot her hypot heses concerning the structure of production by using
t he transl og nodel .

For this study we specify a three-factor translog production function
i ncluding capital (K), labor (L), and M (materials including energy inputs) as
the inputs in producing output (Q. |In addition, we include two types of
qualitative variables that may affect the production of individua
establ i shments. These variables are designed to capture the effects of
owner ship type and of establishnent size on production.

i) Establishnment type variables

1, if the establishment is owned by a firmthat owns other
DT = ; establishments (a nulti-plant firm
< 0, otherw se

ii) Size variables

1, if 20 # TE < 50 enpl oyees
SZ,, ;
< 0, otherw se

1, if 50 # TE < 100 enpl oyees
SZyy, = ;



< 0, otherw se

1, if 100 # TE < 200 enpl oyees
SZipo = .
< 0, otherw se

1, if TE $ 200 enpl oyees
SZ,00 = ; .
< 0, otherw se.

where TE = total enpl oyees.

We have selected the smallest size class (5-19 enpl oyees) as the base size
class. This is the smallest usable size class, because in the LRD the data for
establishnments with 1 - 4 enployees are largely inputed based on adm nistrative
records and plants. Before proceeding, we want to enphasi ze that the terns
"smal | " and "l arge" are relative. Therefore, it is inpossible to offer a
uni versal ly accepted definition for small and |arge establishments. Wether an
establishment is small or large in a particular industry depends on the
i ndustry. For exanple, an autonobile manufacturing plant that has 600 enpl oyees
is small, whereas a dress manufacturer having 600 enpl oyees is large. Thus,

i nstead of drawing a definite line between small and | arge, for each industry we
classify production units into the above five enpl oynent size cl asses.

Wth the above variables, the KLMtransl og production function can be
witten as foll ows

In(Q =" + "5xDT + ", SZ,, + ",SZsq + "";SZy50 + ""4SZ,00 + "Wl N(K)

+ "In(L) + "yn(M + 0.5"(InK)2 + 0.5, (InL)? + 0.5" (I nM?2

+ "dn(KIn(L) + " Jdn(KIn(M + " dn(L)In(M + "SZyl n(K)

+ "es50SZsol N(K)  + "ks100SZ100l N(K)  + "ks200SZa00l N(K)  + " 50SZ50l N(L)

+ "e50SZsol N(L) + "L5100SZ100l N(L) + ""L500SZs00l N(L) + "1520SZs0l N(M

+ "wes0SZsol N(M + "18100SZ100l N(M + 152005 Z200l N(M . (4)
Cost nininization conditions (3) allow us to derive an input demand equati on
system by equating cost shares (S, m= K L, M to the logarithmc marginal
products (i.e., first derivatives of the translog production function with

respect to individual inputs) to obtain

Sk = é[ "t Td n(K) o+ Teln(l) + YWin(M + B SZ] (5)

S = é[ YL+ uIn(L) + UIn(K) + Yn(M + EY5SZ]

wn
<
1

8L+ MW (M + Tain(K) + uin(L) + E e SZ,



where i = 20, 50, 100, 200.

| rposi ng honpgeneity of degree 8 results in the follow ng restrictions

e+ L+ "y =8 (5b)
and

"t Tkt =0

" Tkt " =0

[1] [1] [1] —
mw + KM + LM = O

The returns to scale paraneter, 8, can be directly estimted by

substituting (9b) into (8) before estinmating the nodel

[11. DATA AND ESTI MATI ON METHOD
1. DATA

For each of the five selected industries, we use confidential cross-section
establishment |evel data extracted fromthe Census Bureau's LRD for 1977 and
1982. \While cross-section data are subject to certain limtations, they also
have sonme advantages for the purpose of this pilot study. |In particular, for
the nost part, cross-section data reflect technology at a single tine and
thereby allow us to separate the effects of econom es of scale fromthe effects

of technol ogi cal change. Another advantage of using data fromthe two Censuses
is that it pernmits the exam nation of changes in econom es of scal e between the
two Census years. The details on industry selection and data construction are

di scussed in the Appendi x.

2. Estimation Procedures and Hypothesis Tests

There are two approaches to conparing the production technol ogi es of |arge
and smal |l establishnments. The first is to fit an overall production function
i ncorporating dummy size variables to allow both the intercept and slope of the
function to vary anong different size classes. The second approach is to
approxi mate each segnent of the actual production function.® That is, for each
size class we fit a separate production function, allow ng the production
technol ogy to differ across size classes. In this study, we apply the first
approach to test whether or not there are differences in the production
technol ogi es of small and |large establishnments. |If the test results indicate

significant differences, we estimte production functions by size class and
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conpare the results for small and | arge establishnents.

For each size class as well as the whole industry, we estimate the
production function jointly with the | abor- and material s-share equations as a
mul tivariate regression system? using the Zellner's seeningly unrel ated
regression method (1962) as inplemented in the SAS statistical package. This
procedure yields nore efficient paraneter estimates than those obtained from
si ngl e equati on met hods because including the share-equations in the estimation
results in additional degrees of freedom w thout adding any free paraneters.

The full nopdel, equations (8) and (9), can be used to construct various
nested tests. For the purpose of this study we focus on testing the effects of
(i) establishnent size and of (ii) establishnment type (single versus multi-unit
establishnents). |In addition, it is inportant to test whether or not the
translog function is preferred to the Cobb-Douglas function. Qur hypothesis
tests are structured as follows. W first estimate the full nodel (Model 1).

We then estimate a series of restricted nodels. To test for the establishment

size effects Mddel Il inmposes ", =", =", =", =0 and "ig = "iso = "isio0o = is00 =
0. To test for the establishnment type effects, Mdel Il inposes "5 = " = "o
="w=0. |If all of these hypotheses are accepted, we then proceed with the

Cobb- Dougl as function, Mdel 1V, with all the second order coefficients of the

transl og nodel being set to zero. That is, " =" =
"= T = "= "= 0. 18

Qur nested tests are based on the Gall ant-Jorgenson anal og of the
likelihood ratio test (1979), which is defined as T° = N*S(™, 0) & N*S( ™, ¢) y,
where S(™,¢); and S(™,¢), are the m ni mum val ues of the objective functions of
the restricted and unrestricted nodels, respectively. N is the nunber of
observations. T°is distributed as P> with degrees of freedomequal to the
nunber of restrictions (i. e., the nunber of paraneters left out of the

restricted nodel).

V. EMIRICAL RESULTS

1. Hypotheses Test Results

Table 1 reports the estimted val ues of the Jorgenson-Gallant anal og of the
i kelihood ratio statistic, T°. When the data are in accord with the nul
hypothesis (H,), T° will be smaller than the critical chi-square P?4 ,. and when

they are not T° > P%4 ., and H, will be rejected.
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The table reports the results for three null hypotheses tests: (i) no
establ i shnment size effect, (ii) no establishnent type effects, and (iii) the
industries are characterized by the Cobb-Dougl as technol ogy.* As shown in the
table, all values of T° are substantially greater than the val ues of the
critical P? and hence, all three hypotheses are strongly rejected.® This is so
for all industries. Thus, based on our classification of establishnents, the
test results indicate that (i) establishnents of different sizes have different
production technol ogies, (ii) establishnent types (single versus nulti-unit
est abl i shnments) have significant effects on production, and (iii) the Cobb-
Dougl as function is not a valid representation of the production technol ogy of

the industries under study.

2. The Estimated Production Functions

Bef ore exam ning the estimates, it is inportant to know whether or not the
under | yi ng production function is "well-behaved." A "well-behaved" production
function requires that output increases monotonically with all inputs and its
i soquants are convex. Mnotonicity inplies that all the estimted cost shares
of inputs are non-negative. The convexity condition is satisfied if the
bordered Hessian matrix of the first and second derivatives is negative
definite. For all 60 estimated production functions (10 overall and 50 by pl ant
size), there are no statistically significant violations of these conditions
when eval uated at the neans. This indicates the plausibility of the
hypot hesis that the parameters reflect long-run equilibria.?®

The estimates of the ten overall production functions are reported in Table
2. VWile there are potential data problens (discussed in the Appendix), we find
that the data fit the nodel very well. For all five industries, the
conventional neasure of goodness of fit, B? is high. |In addition, an analysis
of residuals fromeach equation indicates that in general the fits were good. '
Al the estimated first and second order coefficients of the translog production
functions are highly significant based on the conventional t-test. Al the
estimates for the returns to scale paraneter, 8, are highly significantly
different fromzero, and the standard errors are at least 50 times smaller than
the estimated coefficients, indicating a high degree of precision of the
esti mat es.

We now turn to the interpretation of the results obtained fromthe size
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class regressions reported in 3a - 3e. Conparing these estimates with those
obtai ned fromthe overall functions, we find that the two sets of estinmates are
identical in signs. First, all estimates of the first-order coefficients (")
are positive and highly significant throughout 50 di saggregated regressi ons and

10 overall regressions. Second, except for ', all the estimtes of the

second-order coefficients (") are positive and significant at the .01 percent

level. For ", all estimates are negative and highly significant. Finally,
all the estimates of the scale paraneter, 8, are positive and highly
significantly different from zero.

The effects of establishment types (single versus multi-unit) differ across
size-cl asses, industries, and years. As indicated by the estimtes of '
reported in the Tables, of the five industries, industry 2711 (Newspapers) is
the only one that shows strong effects of multi-unit establishnments (both small

and | arge) on production: except for size class 1, the estimates of "; for al
size classes are positive and statistically significant. For industry 3573
(Electronic Conputing Equipnment), there is no statistical evidence of positive
effect of nmulti-unit establishnments.® For industries 2335 (Dresses) and 2511
(Furniture), small multi-unit establishnents (99 enpl oyees or |ess) appear to be
nore productive relative to single-unit establishments of the same sizes.
Beyond that size, the effects of nmulti-unit establishnents on production are
either significantly negative or nearly zero. Finally, the results for industry
3662 (Radio & TV Communi cation Equi pnent) are m xed. However, large multi-unit
establ i shnents, again, do not show any significant effects on production
Overall, except for one case (SIC 2711), the results obtained fromregressions
by size class suggest that small establishnents in multi-unit firms are sonewhat
nore productive than small single-unit firm It is possible that this result is
due to neasurenment error because we do not include central (adm nistrative)
of fice resources in the establishments of nmulti-unit firnms, whereas such
resources are included in single-unit establishnents. However, |arge
establ i shments (200 enpl oyees or nore) in nmulti-unit firnms are not nore
productive than large single unit firns.

Finally, while we do not report the regional results in this paper, we note
that in our prelinmnary work we incorporated regional variables into the nodel,
and found that the results were very poor: only a few of 80 regiona

coefficients are significant at the five percent level.? Moreover, excluding
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t hese regional dunmy variables did not alter the estimted val ues of the main
coefficients of the nodel. To sone extent, the insignificance of these
variables is conforting. |t appears that the estimted technical coefficients
of the production function are robust and invariant with respect to the
i nclusion or exclusion of the regional variables.?

The foregoing results (together with the Gall ant-Jorgenson test) indicate
that it is appropriate to estimate the production functions di saggregated by
pl ant size classes. Disaggregated production analysis provides nore information
regardi ng the structure of production of establishnents in various size classes,

in particular returns to scale.?

3. Econonies of Scale

Table 4 reports the scale paraneter estinmates obtained directly from
estimting separate production functions by size class for each industry in both
years 1977 and 1982. The nunbers in parentheses bel ow each estimate are t 5 *
standard errors, which are used to construct the confidence interval for the
true paraneter (i.e., 8 =8 £t , * standard error).

Considering first the 1977 scal e paraneter estimates we found that all the
estimates for the largest size class and four of the five estimates for the
smal | est size class are statistically insignificantly different fromone. For
i ndustry 3662 (Radio and TV), while small est establishments exhibit increasing
returns to scale, relatively small establishnents with 50 enpl oyees can achieve
constant returns to scale.

In terns of |ong-run average cost curves, the 1977 estimates inply that
i ndustry 3573 (el ectronic conputing equiprment) had a constant horizontal cost
curve, while industry 3662 (Radio & TV) had a flat L-shaped curve. For the
other industries, industries 2335 (Dresses) and 2711 (Newspapers) appear to have
hori zontal average cost curves even though establishnents with 20-49 enpl oyees
in 2335 and those with 50-99 enpl oyees in 2711 exhibit decreasing returns to
scale. W note, however, that the diseconom es result is somewhat surprising
and coul d be a consequence of random variations because it appears unlikely that
di seconomi es occur at such relatively small size classes. For the furniture
i ndustry (sic 2711), smallest and | argest establishments were equally efficient
whi | e nmedi um si zed establishments (50-199 enpl oyees) experienced di seconom es.

Again, this result could be a consequence of random variations. These results
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indicate that in 1977 both small and | arge establishments in the five industries
under study are capabl e of achieving constant returns to scale and thereby are
equal ly efficient in production

In contrast to the 1977 estinmates, the 1982 estimted scal e paranmeters show
that, except for the newspapers industry (SIC 2711), all smallest establishnents
were inefficiently operated on the declining portion of the industry average
cost curve. On the other hand, except for the furniture industry (SIC 2511),
all largest establishments appear to efficiently operate on the flat region of
the average cost curve.

In terns of cost curves, the inplied average cost curves of the dresses
(SIC 2335) and el ectronic conmputing equiprment (SIC 3573) industries changed
their shape from horizontal to L-shaped curves. This neans that in 1982 snal |
establ i shnments (less than 100 enpl oyees) in these industries were |ess efficient
than | arger ones. The 1982 average cost curve of the furniture industry (2511)
becanme the traditional U shaped curve, but the efficient size was relatively
smal | (20 enpl oyees), while | argest establishments operated on the increasing
portion of the average cost curve. The shape of the cost curves of the radio &
TV (3662) and newspaper (2711) industries does not appear to change from 1977 to
1982.

We note that the newspaper industry is the only one in which both small and
| arge establishments were equally efficient in production in both years. This
result is consistent with Litman (1988), who states that the newspaper industry
has made great technical progress during the 70's and 80's by conbining new
devel opnents in the printing sector w th breakthroughs from conputer
t el ecomuni cati on and phot ography industries.? These devel opnents have
significantly inproved speed and efficiency throughout the production process,
which in turn reduce | abor input. Qur results are also consistent with other
findings by Litman that the | ong-run average cost of the newspaper industry has
beconme "flatter across a wide range of different circulation and issue sizes.
This lowers the barrier to entry associated with scale econom es and pernmits
smal | - and nmedi um si zed papers to becone nobre cost conpetitive with their |arger
brethren" (1988, pp. 30-31).

In summary the scale estimates obtained fromthe production function
functions disaggregated by plant size for the five industries under study

suggest that:
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(i) Both the | argest establishments (200 or nore enpl oyees) and snall est
establ i shments (5-19 enpl oyees) appear to be equally efficient in 1977.

(ii) I'n 1982, except for the newspaper industry, small establishnments
experi enced econoni es of scale and operated on the declining portion of the
| ong-run average cost curve, while |larger establishments were able to produce
with constant returns to scale. One possible explanation for this is that,
| ong-run average cost curves for large establishments were relatively flat so
that these establishments could adjust their scale of operations and stil
mai ntain constant returns to scale in response to the decrease in the demand for
their products in the recession year. Small establishnents, on the other hand,
had little to adjust. These snmall establishnments could only mnimze short-run
average costs on the declining portion of the industry |ong-run average cost
curve.

Overall, these results appear to suggest that under normal economc
conditions (such as in 1977) small establishnents are as efficient as |arge
establ i shnments. However, during recessions small establishments appear to be
| ess able to adjust their scale of operation and still maintain efficient |evels

of producti on.

V.  CONCLUDI NG REMARKS AND AREAS CF FUTURE RESEARCH

The purpose of this study is to assess the possibility of differences in
t he production technol ogies of small and | arge establishments in the U S.
manuf acturing sector, based on a sanple of five 4-digit industries. W focus on
estimating of returns to scale in various establishment size classes.

The study is unique in that it is based on confidential plant-Ilevel data
extracted fromthe Census Bureau's Longitudi nal Research Database, the richest
data set currently available for the study of small and | arge manufacturers. |In
particul ar, the data provide the nost conprehensive information avail able on
outputs and inputs of "small" and "large" establishments, as well as |ocation
and other identifying variabl es.

VWile the data set is valuable for enpirical research such as ours, as with
nost data sets it is far fromperfect. One linitation is that it does not
contain information on input and output prices. As a result, real inputs and
out puts cannot be neasured accurately. Most inportantly, our data set does not

provide sufficient data for constructing an accurate and theoretically sound
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neasure of capital services. |Instead, it provides data on capital stocks based
on book val ues, which are generally not an appropriate proxy for capital input.

This inaccurate measure of capital input nmay cause biases in the nodel paraneter
esti mat es.

In spite of these problens, the data fit our nodel well and the estimated
degrees of returns to scale can be considered relatively robust. Based on our
classification of plant size, the overall results for the five industries under
study indicate that there are significant differences in the production
t echnol ogi es anong establishments of different plant sizes, suggesting that
production analysis by plant size is an appropriate approach. W also found
that, ceteris paribus, small establishnents owned by multi-unit firns are
somewhat nore productive than small single-unit firns. It is possible that this
result is due to neasurenment error because we may fail to include central office
resources in the establishnents of multi-unit firms. However, |arge
establ i shments owned by nmulti-unit firms are not nore productive than single-
unit firns.

Finally but nost inportantly, our scale paraneter estimates indicate that
for the industries we studied, under normal economic conditions, snall
establishments appear to be as efficient as large establishments. However, this
result did not hold in general for 1982, a recession year. Wth the exception
of the newspaper industry, small establishments were unable to maintain constant
returns to scale technol ogy during the 1982 econonic recession and were perhaps
nore affected by the recession than | arge establishments. One possible
expl anation is that because of their small capacity, small establishnents had
little to adjust in response to the decline in the demand for their products
caused by the 1982 recession, and were forced to operate on the declining
portion of the long run average cost.

The above results seemto suggest that a | arge establishnent size is not a
necessary condition for efficient production. W want, however, to enphasize
that while the above conclusions are drawn with certain degree of confidence,
they are by no nmeans definite. This is in part because we have studied only
five selected industries. Mreover, because these industries (by design) have
| arge nunbers of small establishnents, their technol ogi es and market conditions
may naturally allow small establishments to survive. |n addition, as mentioned

repeatedly in the text, our data are subject to linitations, and the constructed
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vari abl es such as capital input nay contain measurement errors. Finally, we

sel ected the years 1977 and 1982 census years sinply because data were avail abl e
for many nore small plants for these years. However, as 1982 was a recession
year, it may not have been a good year on which to base the study because the
recessi on may have affected the econonic behavior of the establishnents under
exam nation. For exanple, product demand may not have been sufficient in 1982
to allow production at capacity (mnimum average cost). |If so, and if these

af fects varied across size classes, then efficiency conpari sons made across size
classes in 1982 may be invalid.

The above linitations suggest several areas for additional research. One
important area is to inprove the data. |In this regard, it is useful to
construct panel data files, linking the establishnent data for all the years
covered by the LRD )) currently, 1972-1986. Panel data would allow us to
construct an inproved nmeasure of capital stock which, together with neasures of
capacity utilization, can be used to obtain estimates of capital services.® It
may al so be possible to at |east account partially for the vintage of capital by
usi ng data on establishment history.?®

A final inportant area of additional research is to refine the nodels.

This grows out of the inproved data sets described above. Wth panel data
avai | abl e one can specify dynam ¢ nodel s that account separately for the effects
of such inportant events as technical change and business cycles. Wth these
nodel s, one can test whether these events affect large and small establishnents

differently, as our current nodels seemto suggest.
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Table 1: Hypothesis Test Results:
Val ues of T°-Statistics

Model | vs. Model 11 Model | vs Model 111 Model | vs Model 1V
H: No size effects H: No type effects H,: Cobb- Dougl as Technol ogy
ro= 12 r =1 r =3
PZ12.09 = 26.20 P30 = 6.63 P20 = 11.30
1977 1982 1977 1982 1977 1982
Sl C 2335 1468 1633 1425 1513 37076 23989
SI C 2511 673 790 660 755 12179 11149
SIC 2711 3088 2528 2471 2195 33239 24794
Sl C 3573 339 838 303 823 7078 11917
Sl C 3662 996 1268 819 1081 13609 20487
Not e: To=N* S(M™M¥)g- N* S(",v), where S(™ ¢)zis the mninumvalue of the

objective function of the restricted nodel (R), and S(*,v), is the mininum
val ue of the objective function of the unrestricted nmodel (u). Nis the
nunber of observations, r is the nunmber of restrictions.
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Table 2
by I ndustry
(Asynptotic Standard errors in parentheses)
SI C 2511 Sl C 2711
1977 1982 1977 1982
1.783*1. 741* 1.782*1. 600*
(.058)(.054) (.034)(.034)
. 530* .549* . 547* . 540*
(.007)(.008) (.004)(.005)
.202* .178* . 233* . 225*
(.005) (.005) (.002)(.003)
.143* . 126* .112* . 103*
(.004)(.004) (.002)(.002)
.193* .193* .130* .133*
(.003)(.003) (.001)(.001)
-.106*-.096* -.047*-.049*
(.003)(.002) (.001)(.001)
. 962*1. 009* 1. 004*1. 065*
(.014)(.012) (.008)(.008)
. 109* .036* . 058* .071*
(.017)(.017) (.010) (. 009)
.031 -.013 -.075%-.025
(.024)(.025) (.014)(.015)
.093* .035 -.029 -.021
(.033)(.035) (.022)(.022)
. 096*-.020 . 066* . 029
(.042)(.044) (.030)(.030)
.089 -.043 .251* . 015
(.054)(.055) (.038)(.038)
.016* .004 . 003 .022*
(.005) (.005) (.003)(.003)
.012* . 013 .012* . 024*
(.006) (.007) (.004) (.005)
.027* .008 . 026* .042*
(.007) (.008) (.005) (.005)
.021* .010 . 065* . 064*
(.006) (.008) (.005) (.006)
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.014) (.
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Tabl e 2 (Conti nued)
Par amet er Estimates of the Transl og KLM Producti on Functi ons
by I ndustry
(Asynptotic Standard errors in parentheses)

Par anmet er s SI C 2335 SI C 2511 SIC 2711 SIC 3573 SI C 3662
1977 1982 1977 1982 1977 1982 1977 1982 1977 1982
M e20 -.009* .009* -.004 .001 -.008*-.011* -.007 -.005 . 005 -.008

(.004)(.003)  (.004)(.004) (.002)(.002) (.012)(.008)  (.006)(.005)

" o .001 -.001  -.004 -.000  -.011*-.019* -.007 -.007 . 0006- . 006
(.005)(.004)  (.005)(.005)  (.002)(.002) (.012)(.008)  (.006)(.006)

" o100 -.003 .016* -.011 -.010  -.020*-.029* .002 .0004 . 014*-. 019*
(.006)(.006)  (.006)(.006)  (.003)(.003) (.012)(.009)  (.007)(.007)

" 00 -.002 .031* -.017*-.001  -.035*-.037* -.000 -.009  -.023*-.033*
(.009)(.011)  (.006)(.006)  (.003)(.003) (.011)(.008)  (.006)(.007)

Adj usted R
RNQ . 928 .916 .971 .969 .964 .965 .961 .953 . 968 .963
SL .915 .811 .672 .607 .469 . 399 .634 .644 .593 .548
SM .933 .869 .883 .832 .857 .781 .884 .842 .838 .823

Nunber of observations (N)

1976 2560 1008 1170 3261 3265 454 928 1062 1342

* Denote "Statistically significant" (different fromzero) at the five (or less) percent
| evel .
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Tabl e 3a
Par amet er Estimates of the Transl og KLM Producti on Functi ons
(Asynptotic standard errors in parentheses)
Worren's, M sses', and Juniors' Dresses (SIC 2335)

Par anet er s Size Class 1 Size Class 2 Size Class 3 Size Class 4 Size Class 5
1977 1982 1977 1982 1977 1982 1977 1982 1977 1982
" 1.929*1. 589* 2.039*1. 495* 1.964*1. 550* 1.790*1. 746* 1.582*2. 445*

(.036)(.041)  (.056)(.066)  (.098)(.145)  (.186)(.283) (.252)(.588)

" . 602*% . 625* .618* . 633* .611* .653* . 605* . 630* . 607* .558*
(.003)(.004)  (.003)(.003) (.004)(.005) (.006)(.011)  (.014)(.050)

" . 249*% . 210* . 245% . 223* . 266% . 211* . 255% . 236* . 268*% . 227*
(.003)(.002)  (.003)(.002) (.005)(.004) (.007)(.010) (.015)(.025

"L .189*% . 126* . 179*% . 154* . 164* . 142* .180* . 160* .163* . 060*
(.003)(.006)  (.002)(.005)  (.003)(.006) (.004)(.010)  (.009)(.030)
" .166* . 143* .162% . 126* .151*% . 131* . 151*% . 122* . 147% . 129*
(.002)(.002)  (.002)(.002)  (.003)(.003) (.004)(.005)  (.006)(.009)
" -.143*-.108*  -.143*-.102*  -.137%-.102*  -.137*-.099*  -.115*-.083*
(.002)(.002)  (.002)(.002) (.002)(.003) (.003)(.005)  (.005)(.013)
8 . 975*1. 130* . 957*1. 110* . 969* 1. 082* .997*1.038*  1.034* .944*
(.010)(.013)  (.014)(.017)  (.021)(.030)  (.034)(.052)  (.039)(.092)
" . 140* . 193* .009 .051 .052 .168* 047 .069  -.112*-.090

(.037)(.051)  (.031)(.043)  (.031)(.044) (.040)(.056)  (.051)(.141)

Adj usted R
RNQ .915 .834 .804 .819 . 782 . 777 .822 .759 .883 .695
SL .930 .774 .910 .824 .889 .849 .945 788 .907 .679
SM .951 .865 .926 .873 .910 .889 .955 .843 .916 .900

Nunbers of observations (N)

515 1080 787 942 423 361 172 137 79
40

* Denote "Statistically significant" (different fromzero) at the five (or l|ess) percent
I evel .
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Tabl e 3b
Par amet er Estimates of the Transl og KLM Producti on Functi ons
(Asynptotic standard errors in parentheses)
Wbod Househol d Furniture Industry (SIC 2511)

Par anet er s Size Class 1 Size Class 2 Size Class 3 Size Class 4 Size Class 5
1977 1982 1977 1982 1977 1982 1977 1982 1977 1982
" 1.877*1. 535* 1.213*1. 506* 2.323*2.210* 2.939*2. 029* 1.749*%2. 629*

~—~

.111) (. 077)  (.129)(.120)  (.242)(.265)  (.326)(.293)  (.143)(.198)

" .522% . 520* .523* . 551* .571* . 599* .601* . 607* .594* . B61*
(.011)(.011)  (.011)(.013) (.012)(.020) (.018)(.022)  (.O015)(.025)

" . 219*% . 187* .208* . 181* .178*% . 194* .135% . 110* . 144* . 085*
(.008)(.007)  (.007)(.009)  (.009)(.014)  (.013)(.017) (.013)(.019)

"L . 137% . 111* .128*% . 123* .165*% . 153* L 175% . 147* .173* . 167*
(.007)(.006)  (.008)(.007) (.008)(.011)  (.012)(.011)  (.009)(.011)

" . 167* . 192* .196* . 196* . 204* . 168* . 242% . 210* . 245*% . 252*
(.005)(.005)  (.005)(.005) (.006)(.008) (.007)(.008)  (.008)(.009)

.096*-.095%  -.119%-.091*  -.140%*-.131*  -.127*-.130*
.004) (.004)  (.006)(.007) (.008)(.008) (.006)(.008)

" -.102*-.091*
(. 005) (. 004)

.078 1.051* . 886* . 935* . 808* .973* .994* . 912*
.026)(.023)  (.042)(.044)  (.050)(.043)  (.019)(.025)

8 . 938*1. 053*
(.027)(.017)

~ R ~ 1

" . 187*-. 042 .076* . 050 .152% . 133* .042 .020  -.009 -.003
(.051)(.040)  (.033)(.034) (.035)(.042) (.038)(.034) (.027)(.037)

Adj usted R
RNQ . 827 .882 .844 851 . 728 .705 .679 .785 . 913 .837
SL .666 .558 .648 .686 . 749 . 669 . 731 .606 .659 .517
SM .857 .826 .892 .871 .934 752 .929 .855 .900 .897

Nunbers of observations (N)

262 397 275 340 179 166 118 119 174 148

* Denote "Statistically significant" (different fromzero) at the five (or less) percent
| evel .



20

Tabl e 3c
Par amet er Estimates of the Transl og KLM Producti on Functi ons
(Asynptotic standard errors in parentheses)
Newspapers | ndustry (SIC 2711)

Par anet er s Size Class 1 Size Class 2 Size Class 3 Size Class 4 Size Class 5
1977 1982 1977 1982 1977 1982 1977 1982 1977 1982

" 1.797*1. 742* 1.529*1. 253* 2.367*1.728* 2.128*1.512* 2.093*1. 858*
(.050) (.060) (.082)(.077) (.196) (. 141) (.276) (.230) (.109)(.116)

" . 548* . 529* . 550* .569* . 552* . 534~ . 560* .602* . 618* .600*
(.006) (.009) (.007)(.007) (.010)(.017) (.016)(.018) (.016) (.019)

Y .219* . 219* .233* . 207~ .232* . 209* . 249* . 201~ . 150* . 219*
(.003) (.004) (.003) (.004) (.006) (.006) (.009)(.007) (.011)(.014)

"L .116* . 099* .109* .110* .093* .086* .101* .108* .131* . 107~
(.003) (.005) (.005) (.004) (.006) (.006) (.009)(.008) (.007)(.007)

Y .138* .132* .118* . 121* .119* . 149* .130* .163* . 155* . 162*
(.002)(.002) (.002)(.002) (.004)(.003) (.005)(.003) (.006)(.007)

Y -.057*-.053* -.037*-.051* -.032*-.050* -.029*-.053* -.078*-.044*
(.002)(.002) (.002)(.002) (.004)(.003) (.005)(.003) (.005) (.005)

8 1.001*1. 031* 1.043*1. 130* . 895*1. 033~ . 950*1. 089~ . 989*1. 023~
(.013)(.014) (.017)(.016) (.035)(.024) (.043)(.035) (.013)(.013)

e .014 .011 .036* .072* .104* . 095* .151* .076* .079* .133*

(.014)(.017)  (.016)(.014)  (.028)(.019)  (.038)(.029)  (.030)(.038)

Adj usted R
RNQ . 785 . 797 . 762 .781 .533 .691 .586 .698 . 937 .940
SL .545 . 308 .386 .457 .437 . 356 .348 .395 .433 . 357
SM .844 . 755 .829 .761 .816 .823 .850 .864 . 760 .857

Nunber of observations (N)

1319 964 910 1126 478 545 264 310 290 320

* Denote "Statistically significant" (different fromzero) at the five (or l|ess) percent
| evel .
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Tabl e 3d
Par amet er Estimates of the Transl og KLM Producti on Functi ons
(Asynptotic standard errors in parentheses)
El ectroni ¢ Conputing Equi pnent Industry (SIC 3573)

Par anet er s Size Class 1 Size Class 2 Size Class 3 Size Class 4 Size Class 5

1977 1982 1977 1982 1977 1982 1977 1982 1977 1982

" 2.304*1. 415* 2.149*1.927* 1.590* .590 1.290*1. 305* 1.698*2. 562*
(.223)(.149) (.313)(.290) (.398)(.348) (.399)(.404) (.272)(.193)

" .672* .538* .616* .671* . 560* .615* . 596* . 656* .592* . 703*
(.033)(.025) (.034)(.021) (.027)(.026) (.025)(.021) (.023)(.017)

Y .111* . 200* .114* . 156* .190* . 149* .152* . 135* .160* . 080*
(.032)(.016) (.024)(.014) (.022)(.015) (.018)(.019) (.023)(.016)

"L .193* . 102* .137* . 147* .111* . 116* .133* . 145* .138* . 157*
(.019)(.012) (.020)(.011) (.014)(.013) (.013) (.009) (.009)(.007)

Y .223* L 177* .202* .163* .184* . 176* .203* .182* .210* . 212*
(.021)(.009) (.017)(.007) (.011)(.007) (.009) (.009) (.008)(.006)

Y -.127%-.070* -.126*-.089* -.085*%-.089* -.109*-.106* -.105*%-.113*
(.015) (.006) (.013) (.006) (.010) (.007) (.009)(.007) (.007)(.005)

8 . 936*1. 141~ . 975*1. 054~ 1.063*1. 248* 1.100*1.123* 1.037* .970*
(.053)(.032) (.060) (.054) (.064)(.056) (.058)(.058) (.032)(.023)

e .098 . 094~ .049 .065 -.063 .038 .046 .072 -.033 .053

(.066)(.048)  (.060)(.062) (.052)(.058)  (.054)(.059)  (.094)(.065)

Adj usted R
RNQ .850 .884 .628 .606 . 735 . 727 . 799 .759 .847 .857
SL . 706 .502 .582 .601 .469 .593 . 711 . 747 .628 .694
SM .826 .734 .804 .788 .841 . 787 .910 .860 .925 .923

Nunbers of observations (N)

56 147 79 220 84 161 76 116 159 284

* Denote "Statistically significant" (different fromzero) at the five (or less) percent
| evel .
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Tabl e 3e
Par amet er Estimates of the Transl og KLM Producti on Functi ons
(Asynptotic standard errors in parentheses)
Radio & TV Trans., Signal., & Det. Equip. Industry (SIC 3662)

Par anet er s Size Class 1 Size Class 2 Size Class 3 Size Class 4 Size Class 5

1977 1982 1977 1982 1977 1982 1977 1982 1977 1982

" 1.457*1. 408* 1.208*1.813* 1.518*1. 057~ 1.395*1. 801* 2.004*2.299*
(.163) (. 144) (.150) (. 153) (.254)(.264) (.351)(.337) (.145) (. 130)

" . 606* .596* . 541* . 630* .611* . 640* .584* .671* . 648* . 649*
(.016) (.019) (.015)(.016) (.015)(.015) (.016) (.019) (.022)(.020)

Y .152* . 161* .194* | 144~ . 155* . 154~ .157* . 130* .110* . 142*
(.012)(.017) (.008)(.009) (.013)(.013) (.015)(.013) (.018)(.017)

"L .150* . 117~ .104* . 127* . 144* | 132* .134* | 147* .162* .136
(.009) (.009) (.010) (.008) (.009)(.008) (.009) (.009) (.009)(.007)

Y .189* . 173* 177 . 187* .189* . 177* .207* .188* .215* . 185*
(.007)(.010) (.005) (.005) (.008)(.007) (.009) (.005) (.007)(.006)

Y -.115*-.084* -.088*-.091* -.109*-.088* -.113*-.095* -.125%-,091*
(.007)(.007) (.005) (.005) (.007)(.006) (.007)(.006) (.007)(.006)

8 1.124*1. 163* 1.134*1. 056* 1.077*1.179* 1.069*1. 052* . 994* . 986*
(.040)(.032) (.029)(.028) (.044)(.043) (.053) (.049) (.017)(.014)

e . 037 -. 141~ .014 .069* .039 .019 .097* .048 .093 .027

(.051)(.051) (.031)(.030) (.035)(.038) (.046)(.040)  (.057)(.048)

Adj usted R
RNQ .823 .824 .808 .764 .679 .711 .688 .669 .925 .928
SL .631 .604 .588 .556 .584 .568 .621 .572 .524 . 433
SM .865 .785 .837 .832 .821 .822 .857 .863 .822 .822

Nunbers of observations (N)

157 223 289 363 204 260 158 189 254 307

* Denote "Statistically significant" (different fromzero) at the five (or less) percent
| evel .
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Table 4
Scal e Paraneter Estimtes

Si ze cl ass SI C 2335 SIC 2511 SIC 2711 SIC 3573 SI C 3662
1977 1982 1977 1982 1977 1982 1977 1982 1977 1982

5-19 .975°1. 130! .938°1.053'  1.001C1.031° .936°1. 141  1.124' 1. 163
(+.026f+.033) (+.069f+.044) (+.033[+.036) (+.136f+.082) (+.103]+.082)

20- 49 .957°1.110'  1.078' 1.051¢  1.043°1. 130 .975¢1. 054  1.134' 1. 056
(+.036)%. 044) (+.067f+.059) (+.044f%.041) (+.155f[+.139) (+.075)+.072)

50- 99 .969°1. 085' .886° . 935° .895°1.033°  1.063°1.248'  1.077°1.179
(+.054f +.077) (+.108f+.113) (+.090f+.062) (=+.165f+.144) (=+. 113]=.111)

100- 199 .997°1. 038° . 808" .973¢ .950°1.089°  1.100°1.123° 1.069°1.052¢
(+.088]+.134) (+.129f+.111) (+.111f+.090) (=*.149f+.149) (=.137]=.126)

200 or nore 1. 034° . 944° . 994 . 912° .989°1.023°  1.037° .970°¢ . 994° . 986°
(+.100f +. 237) (+.049f+.064) (+.033[+.033) (+.082f+.059) (+.044f+. 036)

Note: The nunber in parentheses are +t., standard errors, which are used to construct
confidence intervals for the true paraneters.

€ denotes "insignificantly different from1" at the one percent level (constant returns
to scale).

P denotes "significantly less than 1" at the one percent |level (decreasing returns to
scal e).

' denotes "significantly greater than 1" at the one percent level (increasing returns to
scal e).
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FOOTNOTES

Starr (1988) sunmarizes recent data on this issue, citing recent
st udi es.

For nore details on the selection of the industries, see Nguyen and
Reznek (1988).

For a derivation of the generalized Euler's theorem see Chiang
(1974). An advantage of the cost mninization nodel (over the
profit maxim zati on approach) is that cost mininzation does not
require the assunption of perfect conpetition in the product
(out put) market.

See the cl assic papers by Cobb and Dougl as (1928), and Arrow,
Chenergy, M nhas and Sol ow (1961).

VWil e a general Cobb-Douglas function does allow the estimation of
variable returns to scale, it is based on the assunption that the
elasticity of substitution between any two factors of production
equal s one (e.g., "ot "wt "w=1. This assunption is
arbitrary and unreasonable; and it does not allow the exani nation
of the differences in the ways in which establishnents of different
sizes utilize their factors of production. Sinmilarly, in the
context of nore than two inputs, the CES function inplies that the
partial elasticity of substitution between all pairs of inputs are
equal (e.g., "w = "wu=""w-.- Therefore, it rules out the
pOSS|b|I|ty of conplenentarlty bet ween any pair of inputs. For
nore details on this point, see Uzawa (1962), Berndt and
Christensen (1973), and Burgess (1975), for exanple.

See Christensen, Jorgenson, and Lau (1971). Applied studies using
this forminclude those by Berndt and Wod (1975), Burgess (1975)
Christensen and Green (1979), Kokkel enberg and Nguyen (1989), and
ot hers.

This functional formwas explored by Magnus (1979) and | ater
enpl oyed by CGuil key, Lovell, and Sickles (1983).

Devel oped by Diewert and Wal es (1987) and is based on MFadden
(1978).

In a recent enpirical study, Kokkelenberg and Nguyen (1987) used
establ i shnment data extracted fromthe Census Bureau's Longitudina
Research Dat abase (LRD) to estimate the above three flexible
functions. They concluded that "the translog function is the
easiest to work with in terms of achieving convergence, in
produci ng pl ausible results, and in overall forecasting ability."
Gui | key, Lovell and Sickles (1983) also found similar results.

Thi s approach was applied by Nerlove (1963), and Chri stensen and
Green (1979).

Because the three cost shares add to one, estimating all three
share equations together results in a singular covariance matriXx.
The probl em can be avoi ded by del eti ng one share-equation fromthe
estimation procedure. Here we delete the capital share equation
because data on capital input are less reliable than data on | abor
and materials. The estimates of the paraneters in the capita
equati on can be derived fromthe estimtes of the production
function and the other two share-equations, using formula 5b
Recently Dhrymes (1989) suggests using the generalized inverse (g-
i nverse) of the singular covariance matrix in the A ken m ni mand,
rather than disposing of one equation. Unfortunately, a conputer
program for this procedure is not yet avail able.
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See SES Institute (1984) Chapter 20, which describes the SAS/ ETS
SYSNLI N procedure. W used SES version 5.18 on Digital Equi prment
Corporation Mcrovax Il miniconputer. Kmenta and G lbert (1968)
showed that the Zellner estimates will converge to the efficient
maxi mum | i kel i hood estimtes. For the small sanple properties,
Zel l ner (1963) al so showed that his estimtes are unbi ases and
efficient relative to ordinary | east squares estinates.

For nore details on these test see Nguyen and Reznek (1989).
For an exanple of this test, see Gllant (1987): p 459.

Refer to Chart 1 and the discussion at the end of Section Il for
nore details on the scheme of hypothesis tests.

We al so used the likelihood ratio test as progranmed in the Tine
Series Processor (TSP) econonetric package and obtained sinilar
results.

The nonotonicity condition is satisfied at all data points (i.e.
there are no negative cost shares). For the convexity condition

t he Hessian bordered matrix is negative definite when eval uated at
t he nmeans.

VWil e not universally accepted, the common interpretation of the
par anet er estimates based on cross-section data is that they
portray long-run behavior. Intriligator (1978) states that "tine-
series data usually reflect short-run behavior while cross-section
reflect | ong-run behavior, in particular, a greater adjustnment to
long-run equilibrium (p 64, n5). Also see Kuh (1963). For a

di scussion of difficulties of making inferences about the dynam cs
of change from cross-sectional results, see Hsiao (1986).

Resi dual anal ysis basically checks whether the residuals follow
normal distributions and whether there are outliers that could
significantly influence the parameter estimates. For nost of our
equations, the distributions of residulas did appear to reasonably
close to normal based on the tests available in SAS PROC UNI VARI ATE
(See SAS Institute Inc, 1985, Chapter 54). There were sone
outliers in several of our equations; however based on visua

i nspection they probably are not influential (although we did not
conduct formal tests for influential observations). W do not
report the residual analysis here because of space considerations
and because there are possible issues involving confidentiality of
respondent data.

O the ten estimated coefficients, only one is significant at the
five percent level; but it could be a consequence of random
vari ati ons.

We introduced dummy vari abl es representing 8 census regions: (1)
M ddle Atlantic, (2) East North Central, (3) West North Central,
(4) South Atlantic, (5) East South Central, (7) Mountain, and (8)
Pacific. New England was used as the base.

This does not nean that |ocation has no effects on industrial
production, nor does it nean that output prices, |abor quality,
technical efficiency or the like are the same in all regressions.
On the contrary, each of these factors could have significant
effects on industrial production, but in different directions and
coul d of fset one another, causing the insignificance of the dunmy
variables. Formal tests for these effects require specific data
and nodel s that are beyond the scope of this pilot study.

In the case of sinple linear regressions, it is straightforward to
evaluate the effect of dummy variables on the slope of the
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function. In the translog nodel, however, the evaluation is
conplex, in particular, it nust be evaluated at each data point,
and the evaluation involves actual data. Therefore, it is
difficult to deternine precisely how establishment sizes affect
producti on based on the slope coefficients of the dumry variabl es.
As al ready nentioned, our purpose of estimating the overall
functions, incorporating sixe dummy ariables, is to construct a
related test for differences anong establishnent sof different size
classes. The test results indicate that there are significant

di fferences anmong establishments of different sizes and hence
justify our estimating separate regressions by size class.

These technical devel opnents include conputerization of the nmassage
stage, cold type photoconposition and paste up, offset processes,
and satellite delivery of facsinile pages.

In this regard, it would be appropriate to take advantage of a
recent nmethod devel oped by Dhrynes (1989) that (a) does not require
t hat the nunber of yearly observations on all plants be equal, and
(b) can handl e breaks in the annual tinme series of observations on
di vidual plants. This work has been done as part of Dhrynes
current ASA/ NSF/ Census Research Fellowship at the Census Bureau

Data on establishnment history were colelcted in the 1975 and 1981
ASM s; for a description, see U S. Bureau of the Census (1985, p
54). The Center for Econonic studies has begun to explore these
dat a.
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APPENDI X: | NDUSTRY SELECTI ON AND DATA CONSTRUCTI ON

The data enployed in this study are extracted fromthe Census Bureau's
Longi tudi nal Research Data Base (LRD) described by MGuckin and Pascoe (1988).
The LRD consists of linked data fromthe Census Bureau's Annual Survey of
Manuf acturing (ASM and Census of Manufactures. Currently, the data for 1972
t hrough 1986 are in the LRD, data fromthe Censuses of Manufactures for 1963
and 1967 have been linked to the LRD as well.

For this pilot study, we use only two cross sections, taken fromthe 1977
and 1982 Censuses of Manufactures. Wile the Censuses contain establishnent
data for 450 four-digit industries, we select only five 4-digit SIC
i ndustries. Qur selection criteria are: (1) the selected industries should
have a sufficient number of both large and small establishments that robust
estimtes of the nodel paranmeters can be obtained, and (2) the establishnments
within the industries should produce rel atively honbgeneous products so that
meani ngf ul conpari sons can be nmde.

For the five industries, nost of the size classes have substantially nore
than 100 observations (establishments) except for size class 5 (Tota
enpl oyment greater than 200) in SIC 2335 which has only 40 establishnents in
1982. Also, all the five industries have product specialization and coverage
ratios that are well above 90% This nmeans that (1) the establishments in al
of our five industries produce relatively honbgeneous products, in the sense
that nmost of the products they produce are classified as being in these
i ndustries; and (2) the establishments classified as being in our industries
produce nost of the output of products that are classified as comng from
these industries. In what follows we describe the constructed variabl es that
are used to estimate the production duration

Qutput, Q is defined as total shiprments (TVS) plus changes in inventories
of finished goods and work-in-process. That is

Q=TVS + (FIE - FIB) + (WE - WB)
where FIB and FIE are finished goods inventories at the begi nning and end of
year, whereas WB and WE denote work-in-process inventories at the begi nning
and end of year, respectively. Al of the right hand side variables are taken

directly fromthe LRD data base.
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Labor input: Although the Census of Manufacturing provides data on both
total number of enployees (TE) and total worker hours (PH), we use the latter
because it is a better neasure of |abor input. Ideally, we should separate
| abor input into that provided by production and non-producti on workers. W
cannot nake this separation directly because the Census of Mnufactures does
not provide it. Fortunately, data on wages of production and non-production
workers are reported separately; in addition, data on total supplenental |abor
costs are available. Fromthese conponents, we can derive a neasure of
producti on worker equival ent hours as foll ows:

The average production worker wage rate is

PL = WV PH
where WWis total production worker wages and PH is total production worker
hours. The estimate of total plant worker hours (L) is then calcul ated as

L = (WV+ OW/PL
where OWis wages paid to non-production workers. The measure L assunes that
rel ati ve wages are proportional to marginal productivity.

Capital input: This nmeasure is, as with npst studies in applied
production anal ysis, probably the weakest variable in the data set. The idea
measure is of capital services--since output is neasured as units of goods per
unit of time (per year in our case), capital should be measured as machi ne
hours per year (Varian 1984 p. 172). An ideal capital services neasure should
recogni ze that the same nunber of machines may be used nore or |ess
i ntensively (and thus we need some neasure of capacity utilization), and that
machi nes of different vintages may provide different |evels of services
because they enbody different technol ogies. To obtain a neasure of capita
services, the usual procedure is to (1) neasure the real value of capita
stock by deflating by a price index, and (2) to adjust this deflated capita
stock with a utilization rate. A procedure often used to obtain deflated
val ue of capital stock is the perpetual inventory nethod as discussed by Usher
(1980). ldeally, these deflators and utilization rates should be specific to
each plant.

For this pilot study, as a practical natter we sinply nmeasure gross
capital stocks based on book val ues of building and nachi nery assets for each

pl ant (which we call GSK, or gross capital stock,) as the sum of gross
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bui |l di ng stock (GSB) and gross nachinery stock (GSM:

GSK = BAE + MAE
where BAE and MAE are buil ding machi nary assets at the end of the year
respectively.

In Iight of the above di scussion, our neasure may be subject to inportant
nmeasurenment errors. First, the data are reported in book values that do not
accurately reflect the value of capital; in addition, building and machi nery
assets are inputed for establishnments that are not part of the ASM sanpl e.
Second, use of a sinple sum of building and nachi nery assets assunes t hat
t hese conmponents of capital are honpgeneous; this is obviously incorrect.
Third, there is no adjustnent for differences (either across time or across
establishnments) in the quality of capital. Fourth, there is no adjustnent for
intensity of use

Al t hough we recogni ze the shortconmings, it is difficult to see how the
probl ems coul d have been handled in the context of cross-sectional analysis.
As stated above, it is possible to construct a consistent time series nmeasure
of capital stock based on the perpetual inventory method using data avail able
in all the years covered by the LRD that are relevant to this study (1972-
1982; in fact, though, the LRD now has data through 1986). However, this
met hod can only be applied directly to establishnents that are in the ASM
sanple for all the years. This elinmnates a |arge nunmber of small
establ i shments because of the way the ASM sanple is selected (for details, see
U. S. Bureau of the Census 1985, section 3). Thus, to construct an inproved
capital input measure will take a great deal of time and effort; it nust be a
maj or part of future work.

Materials input: Total materials (M consuned are broken into the
fol |l owi ng conponents:

M=CP + EE + CF + CW
where CP denotes values of materials and parts purchased, EE denotes val ues of
purchased el ectricity, CF denotes valued of fuels consuned in production, and
CW denot es val ues of contract work.

Total |abor cost (SSL) is the sum of production worker wages (VWN,
nonproducti on wor ker wages (OW, and supplenental |abor costs (LO):

SSL = W+ OW+ LC
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Total production cost (PCOST) is the sumof capital (GSK), |abor (SSL) and

materials (M costs,

PCOST = GSK + SSL + M

It follows that the three cost share variables are defined as: Production

SK = GSK/ PCOST

SL = SSL/ PCOST
SM = M PCOST
where SK, SL, and SM are cost shares of capital, |labor, and materials,

respectively. By definition, SK + SL + SM = 1.

Starr (1988) sunmarizes recent data on this issue, citing recent studies.

For nore details on the selection of the industries, see Nguyen and Reznek
(1988).

For a derivation of the generalized Euler's theorem see Chiang (1974). An
advantage of the cost minimzation nodel (over the profit naximnmzation
approach) is that cost mnimzation does not require the assunption of
perfect conpetition in the product (output) narket.

See the classic papers by Cobb and Dougl as (1928), and Arrow, Chenery, M nhas
and Sol ow (1961).

Wil e a general Cobb-Douglas function does allow the estimation of variable
returns to scale, it is based on the assunption that the elasticity of
substituti on between any two factors of production equals one (e.g., Fq = Fu
= Fyw=1). This assunption is arbitrary and unreasonable; and it does not
all ow the exam nation of the differences in the ways in which establishnents
of different sizes utilize their factors of production. Simlarly, in the
context of nore than two inputs, the CES function inplies that the partial
el asticity of substitution between all pairs of inputs are equal (e.g., Fq
= Fw = Fun- Therefore, it rules out the possibility of conplenmentarity
bet ween any pair of inputs. For nore details on this point, see Uzawa
(1962), Berndt and Christensen (1973), and Burgess (1975), for exanple.

See Christensen, Jorgenson, and Lau (1971). Applied studies using this form
i nclude those by Berndt and Wod (1975), Burgess (1975) Christensen and
Greene (1979), Kokkel enberg and Nguyen (1989), and ot hers.

This functional form was explored by Mgnus (1979) and | ater enployed by
Gui | key, Lovell, and Sickles (1983).

Devel oped by Di ewert and Wal es (1987) and is based on MFadden (1978).

In a recent enpirical study, Kokkelenberg and Nguyen (1987) used
establ i shment data extracted fromthe Census Bureau's Longitudi nal Research
Dat abase (LRD) to estimate the above three flexible functions. They
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concl uded that "the translog function is the easiest to work with in terns
of achieving convergence, in producing plausible results, and in overal
forecasting ability." «@uilkey, Lovell and Sickles (1983) also found sinilar
results.

This approach was applied by Nerlove (1963), and Christensen and G een
(1979).

Because the three cost shares add to one, estimating all three share
equations together results in a singular covariance matrix. The problem
can be avoided by deleting one share-equation from the estimation
procedure. Here we delete the capital share equation because data on
capital input are less reliable than data on labor and nmaterials. The
estinmates of the paraneters in the capital equation can be derived fromthe
estinmates of the production function and the other two share-equations, using
formula 5b. Recently Dhrymes (1989) suggests using the generalized inverse
(g-inverse) of the singular covariance matrix in the Aiken ninimand, rather
than di sposing of one equation. Unfortunately, a conputer programfor this
procedure is not yet avail able.

See SAS Institute (1984) Chapter 20, which describes the SAS/ETS SYSNLIN
procedure. We used SAS version 5.18 on Digital Equipnent Corporation
Mcrovax Il mniconmputer. Kmenta and Glbert (1968) showed that the Zell ner
estinmates will converge to the efficient maxi numlikelihood estimtes. For
the small sanple properties, Zellner (1963) also showed that his estimates
are unbi ased and efficient relative to ordinary |east squares estinates.

For nore details on these test see Nguyen and Reznek (1989).
For an exanple of this test, see Gllant (1987):p. 459.

Refer to Chart 1 and the discussion at the end of Section IlIl for npre
details on the schene of hypothesis tests.

We also used the likelihood ratio test as programmed in the Time Series
Processor (TSP) econonetric package and obtained similar results.

The nonotonicity condition is satisfied at all data points (i.e., there are
no negative cost shares). For the convexity condition, the Hessian bordered
matrix is negative definite when evaluated at the neans.

Wil e not universally accepted, the conmon interpretation of the paraneter
estimtes based on cross-section data is that they portray |ong-run
behavior. Intriligator (1978) states that "tine-series data usually reflect
short-run behavior while cross-section reflect long-run behavior, in
particular, a greater adjustment to |long-run equilibriunt

(p. 64, n.5). Also see Kuh (1963). For a discussion of difficulties of
maki ng i nferences about the dynanics of change from cross-sectional results,
see Hsiao (1986).

Resi dual analysis basically checks whether the residuals follow nornal
distributions and whether there are outliers that could significantly
i nfluence the paranmeter estimates. For nmost of our equations, the
di stributions of residuals did appear to reasonably close to normal based
on the tests available in SAS PROC UNl VARI ATE (See SAS Institute Inc, 1985,
Chapter 54). There were sone outliers in several of our equations; however
based on visual inspection they probably are not influential (although we
did not conduct formal tests for influential observations). W do not
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report the residual analysis here because of space considerations and
because there are possible issues involving confidentiality of respondent
dat a.

O the ten estimated coefficients, only one is significant at the five
percent level; but it could be a consequence of random vari ati ons.

We introduced dumry variables representing 8 census regions:(1l) Mddle
Atlantic, (2) East North Central, (3) Wst North Central, (4) South
Atlantic, (5) East South Central, (7) Muntain, and (8) Pacific. New
Engl and was used as the base.

This does not nean that |ocation has no effects on industrial production

nor does it nmean that output prices, |abor quality, technical efficiency or
the like are the same in all regressions. On the contrary, each of these
factors could have significant effects on industrial production, but in
different directions and could offset one another, causing the
i nsignificance of the dummy vari ables. Formal tests for these effects
require specific data and nodels that are beyond the scope of this pilot
st udy.

In the case of sinple linear regressions, it is straightforward to eval uate
the effect of dummy variables on the slope of the function. In the translog
nodel , however, the evaluation is conplex, in particular, it nmust be
eval uated at each data point, and the evaluation involves actual data.
Therefore, it is difficult to determ ne precisely how establishnent sizes
af fect production based on the slope coefficients of the dummy variables.
As already nmentioned, our purpose of estimating the overall functions,
i ncorporating size dummy variables, is to construct a related test for
di fferences anong establishnents of different size classes. The test
results indicate that there are significant differences anong establishnents
of different sizes and hence justify our estimating separate regressions by
size cl ass.

These technical devel opnents include conputerization of the massage stage
col d type photoconposition and paste up, offset processes, and satellite
delivery of facsinile pages.

In this regard, it would be appropriate to take advantage of a recent nethod
devel oped by Dhrynes (1989) that (a) does not require that the nunber of
yearly observations on all plants be equal, and (b) can handle breaks in the
annual time series of observations on individual plants. This work has been
done as part of Dhrymes' current ASA/ NSF/ Census Research Fell owship at the
Census Bur eau.

Data on establishnment history were collected in the 1975 and 1981 ASM s; for
a description, see U S. Bureau of the Census (1985, p 54.). The Center for
Econom ¢ studies has begun to explore these data.



